Context: The incidence of pancreatic neuroendocrine tumors (PNETs) is increasing. Current staging systems include nodal positivity, but the association of lymph node status and worse survival is controversial.
have been consistently found to be the most important prognostic factors after PNET resection (3) .
Several staging systems have been developed to better stratify prognosis in patients with PNET. The 2010 World Health Organization staging system incorporates mitotic count and Ki-67 index to separate patients into three categories (5) . The eighth edition of the American Joint Committee on Cancer (AJCC) tumor-node-metastasis staging system includes primary tumor size, presence of lymph node metastasis on pathologic examination, and presence of distant metastases (6) . Lymph node status is particularly important in PNET staging systems, because the presence of lymph node metastasis would render a patient stage III according to both the AJCC and European Neuroendocrine Tumor Society staging systems (6, 7) . Optimal risk stratification is important because of the ever-expanding surgical and nonsurgical treatment options for patients with PNET, including somatostatin analogs (8) , targeted therapies (everolimus, sunitinib) (9, 10) , chemotherapy (streptozocin, 5-fluorouracil, temozolomide, capecitabine) (11) , and peptide receptor radionuclide therapy (12) .
The prognostic significance of lymph node metastasis in PNET is controversial. Several investigators have reported a significant association between lymph node metastasis and survival (13) (14) (15) , whereas others have not found a significant association (3, 16) . Lymph node ratio (LNR) is calculated based on the number of positive lymph nodes compared with the number of lymph nodes examined and has emerged as a prognostic marker possibly superior to simply assessing the presence or absence of lymph node metastasis. LNR has been evaluated in several malignancies, including pancreatic adenocarcinoma, where large studies have found it to be the most important prognostic factor among all variables considered (17, 18) . Two retrospective small studies have assessed the prognostic significance of LNR in patients with PNET by using different cutoffs, with disease-free survival as the primary outcome measure (19, 20) . The significance of LNR and disease-specific survival (DSS) has not been reported in patients with PNET. Furthermore, an optimal LNR cutoff in a large cohort of patients with PNET has not been identified. Optimal staging of patients with PNET is necessary to best determine which management strategies should be used both in the adjuvant setting and in those without surgically resectable disease. The purpose of this study was to determine the prognostic significance of LNR in patients with PNET and compare it with nodal positivity for PNET.
Methods
The National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) database was used in this study. (6) . The T component of the European Neuroendocrine Tumor Society staging system was not tested separately, because it is identical to that of the eighth edition of the AJCC staging system (6, 7).
Statistical analysis
Survival analysis was performed with DSS as the primary outcome measure. To identify differences in survival between groups, the Kaplan-Meier method and the log-rank test were used for univariate analysis. A stepwise algorithm was used to identify optimal cutoffs for LNR, adequate lymphadenectomy, and lymph node positivity. For multivariate analysis, the backward selection method of Cox proportional regression analysis was used to identify independent prognostic factors, including only the variables that were significant on univariate analysis (P , 0.05). Cases with missing data were excluded from multivariate analysis.
The cutoffs that were independent predictors of worse survival were then used to construct staging models for comparison. Each model consisted of all the factors used in PNET staging, namely tumor grade, AJCC T stage, AJCC M stage, and either LNR or AJCC N stage for the nodal component of the staging system. Comparison of these models was subsequently performed with the following statistical methods that are used for staging model comparison: Akaike information criterion [AIC = 22 log maximum likelihood + 2 3 degrees of freedom (df)], (21) , Bayesian information criterion (BIC = 22 log maximum likelihood + log(sample size) 3 df) (22) , corrected Akaike information criterion (AIC c = 22 log maximum likelihood + [2 * n * (df + 1)/(n 2 df 2 2)]) (23) , and Harrell's C-statistic (24) . Models with lower AIC, BIC, and AIC c values are considered superior, whereas models with higher C-statistics are considered superior.
Statistical tests used two-tailed P values, and P values of ,0.05 were considered significant. All statistical analyses were performed in SPSS (version 21; IBM, Armonk, NY).
Results

Prognostic factors
Overall, 896 patients were identified, of whom 459 (51.2%) were men and 437 (48.8%) were women. Median age at diagnosis was 57 years. Most tumors were in the pancreatic tail (321, 35.8%), followed by the pancreatic head (288, 32.1%). Most tumors were well differentiated (WD) on histologic examination (55.7%). Most tumors were also nonfunctioning (96.4%) and nonmetastatic (75%). The median number of lymph nodes examined was 9, and the average number of lymph nodes examined was 11.4 6 9.8. Detailed clinical, demographic, and pathologic features of the study cohort are summarized in Table 1 .
Univariate survival analysis identified age at diagnosis .57 years (75.9 6 1.9 months vs 81.5 6 1.7 months, P = 0.02), male sex (76.2 6 1.9 months vs 81.3 6 1.7 months, P = 0.035), greater extent of resection (local excision 79.6 6 1.4 months, partial pancreatectomy 57.7 6 5.4 months, total pancreatectomy 81.6 6 3.7 months, P = 0.001), higher tumor grade [WD 84.8 6 1.7 months, moderately differentiated (MD) 76.4 6 3.6 months, poorly differentiated (PD) or undifferentiated (UD) 40.3 6 5.1 months, P , 0.001], higher T stage (T1 86 6 2.9 months, T2 85.1 6 2.2 months, T3 77.8 6 2 months, T4 63.9 6 3.1 months, P , 0.001), nodal positivity (73.6 6 2 months vs 84.3 6 1.6 months, P , 0.001), and presence of distant metastatic disease (64.3 6 2.9 months vs 84.5 6 1.3 months, P , 0.001) to be significantly associated with worse DSS (Fig. 1) . In contrast, race, tumor location, and tumor functionality were not associated with worse DSS. On multivariate analysis, age at diagnosis .57 years [hazard ratio (HR) 1.75; 95% confidence interval (CI), 1.12 to 2.74; P = 0.015], male sex (HR 1.58; 95% CI, 1.01 to 2.48; P = 0.046), lesser extent of resection (partial pancreatectomy vs local excision: HR 2.55; 95% CI, 1.2 to 5.4; P = 0.015; total pancreatectomy vs local excision: HR 0.72; 95% CI, 0.35 to 1.46; P = 0.36), tumor grade (MD: HR 1.52; 95% CI, 0.81 to 2.84; P = 0.19; PD or UD: HR 7.59; 95% CI, 4.71 to 12.23; P , 0.001), and presence of distant metastasis (HR 2.45; 95% CI, 1.58 to 3.79; P , 0.001) were independently associated with worse DSS (Table 2) .
A stepwise algorithm was used to identify whether a minimum number of lymph nodes examined was associated with improved DSS, but no cutoff was found to be significant on univariate analysis (Table 3 ). The same stepwise method was then used in subanalyses based on tumor location (head, body, and tail tumors) and extent of resection (local excision and partial or total pancreatectomy) to identify whether a cutoff for minimum number of lymph nodes examined could be identified for these patients, but no significant cutoff was established (Table 4 ). The identification of potential cutoffs for positive lymph nodes on pathologic examination was performed in a stepwise analysis. A pathological finding of either a single, two, three, four, five, or eight positive nodes was significantly associated with worse DSS. Similarly, a stepwise analysis was performed to identify an optimal cutoff for LNR, which revealed various cutoffs significantly associated with worse DSS (Table 3) .
Multivariate analyses were performed for each cutoff of both positive lymph nodes and LNR that were significant on univariate analysis. Significant univariate (Table 3) .
Comparison of different staging models to determine the optimal LNR Each of the staging models based on LNR cutoffs that were independent prognostic factors of worse DSS were then selected for comparison. We performed this (25) (26) (27) (28) (29) . Lower values indicate superior prognostic value for AIC, BIC, and AIC c , whereas higher values indicate superior comparative prognostic value for the C-statistic. Among these cutoffs and models, the model using an LNR $0.5 had the lowest AIC (920.79), BIC (916.61), and AIC c (923.01), and it also had the highest C-statistic (0.7792). In comparison, the eighth edition of the AJCC staging system (i.e., tumor grade, AJCC T stage, AJCC N stage, and AJCC M stage) had a higher AIC (923.38), BIC (919.2), and AIC c (925.6), and it also had a lower C-statistic (0.7591). Notably, this was the least prognostic staging system compared with various LNR cutoffs in terms of AIC, BIC, AIC c , and C-statistic (Table 5 ).
Discussion
Accurate assessment of a patient's prognosis after surgery is vital to determine the best therapeutic treatment. Recently, the eighth edition of the AJCC was released to guide clinicians and patients with PNETs in assessing prognosis. In this study, the prognostic values of nodal positivity and the LNR were examined. Various LNR cutoffs were found to be significantly associated with worse DSS by multivariate analysis. A comparison of staging systems incorporating these LNR cutoffs and the eighth edition of AJCC staging system indicated that the optimal staging system incorporated T stage, M stage, LNR $0.5, and tumor grade.
The contribution of lymph node metastasis to prognosis is controversial in patients with PNET. Some studies suggest that lymph node metastasis is independently associated with worse disease-free survival (4, 30, 31) and overall survival (13, 14) in patients with PNET, whereas others did not find an association with overall survival (3, 16). Krampitz et al. (15) suggested that nodal positivity is associated with a shorter time to developing liver metastases and worse disease-related survival after an average of 8 years of follow up. Curran et al. (31) used the SEER database to examine the prognostic utility of nodal positivity and identified it as an independent predictor of DSS when patients were matched for grade and tumor size. In their analysis, high grade and increasing tumor size were also found to predict nodal metastasis. Nodal positivity was not found to be associated with DSS by multivariate analysis in this study. In contrast, LNR was found to be associated with DSS and should be incorporated into the PNET staging system. Discrepancies in the results regarding the prognostic significance of lymph node metastasis may be explained by the low lymph node sampling rates for PNET, which ranged from 20.5% for enucleations to 77.2% for major anatomic resections (32) . Low lymph node sampling rates result in part from the inconsistent practice of routine prophylactic lymphadenectomy in patients with PNET, with different criteria advocated by surgeons (30, 31, 33) . For instance, Tsutsumi et al. (33) suggested that lymphadenectomy should be performed for all gastrinomas and nongastrinomas $15 mm, whereas Jiang et al. (30) proposed that routine lymphadenectomy in nonfunctional PNETs #25 mm is not necessary. Curran et al. (31) observed that no lymph node metastases were found in low-grade tumors that were ,1 cm in patients who underwent lymphadenectomy, and thus they deemed lymphadenectomy unnecessary for these patients. However, assessing grade preoperatively by endoscopy can be difficult and not accurate. Hasegawa et al. (34) noted that the concordance rate of Ki-67 based on endoscopic fine needle aspiration and resected specimens is only 77.8%. LNR takes into account the adequacy of a lymphadenectomy, and therefore its association with DSS may be a more accurate determinant of patient prognosis with adequate lymph node resection. Nodal status as assessed by LNR is important for prognosis and should be completed in all patients with PNET.
The results of this study also demonstrate that higher nodal burden does not discriminate between low-and high-risk patients, because no cutoff number of positive lymph nodes was found to be significant on multivariate analysis. This ability of LNR to better stratify low-and high-risk patients is explained by consideration of the number of lymph nodes examined. Based on LNR, a patient with three positive lymph nodes out of four examined would be expected to have worse prognosis than a patient with three positive lymph nodes out of eight examined, whereas they would be expected to have the same prognosis if the number of positive lymph nodes were taken into consideration. If more lymph nodes were sampled, considering the low sampling rates during PNET surgery, the former patient would have a higher likelihood of having even more positive lymph nodes than the latter patient, indicating more aggressive disease behavior overall. In this way, an LNR-based staging system eliminates the variability in lymph node sampling during PNET surgery and is better able to stratify low-and high-risk patients than higher nodal burden.
The prognostic significance of LNR in PNET has been explored in two retrospective studies that used recurrence-free survival (RFS) as the primary endpoint. Ricci et al. (19) found that tumor size, Ki-67, and LNR .0.07 were independently associated with lower RFS, whereas Boninsegna et al. (20) identified LNR .0.2 and Ki-67 .5% as independent prognostic factors associated with lower RFS. These studies provide a foundation for determining whether LNR is associated with DSS, which is the most important outcome measure for staging and planning future treatment strategies. In the current study, LNRs $0.07 and $0.2 were assessed and found to be independently associated with DSS. However, we selected LNR $0.5 as the optimal cutoff because of a higher HR compared with LNRs $0.07 and $0.2 and improved prognostic staging when we compared the various LNR cutoffs.
The current study has several limitations, including the retrospective design and exclusion of cases based on the availability of data. Large cancer registries contain patients from different institutions and time periods and are subject to potential miscoding and missing information. In addition, there is no information on whether additional treatment was given. However, large cancer registries are the best current data available. The SEER database also does not collect information on benign tumors but instead includes tumors that have local invasion or metastatic disease. In this way, data on localized, less aggressive tumors may not be included in the current analysis. This limitation may explain why our cutoff was higher than the ones reported by other studies (19, 20) . Furthermore, although an analysis to identify the minimum number of lymph nodes examined was performed, which did not reveal a significant cutoff, the results of this study are potentially limited by stage migration due to the insufficient number of lymph nodes examined. For this purpose, future prospective studies with a predetermined minimum number of lymph nodes examined could more appropriately answer this question.
In conclusion, LNR $0.5 is independently associated with worse DSS. A staging system with LNR $0.5 is superior to the current AJCC eighth edition staging system, which uses nodal positivity, and therefore LNR $0.5 should replace nodal positivity in future pathological staging systems. 
